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I IPUTRODUCTION 

This i s  the  first q-mii-terly repor t  covering work during the  repor t ing  period of 
June 27- 1963 through September 2~9&--0rrCorrtract No, NAS 5-3467 which w a s  
awarded- t o  The Borden ChelzddI-Company bh t h e  National Aeronautics and Space 
kdministration, Goddard Space F l ight  Center, on June 27, 1963. 
Company of Freeport, I l l i n o i s ,  i s  pa r t i c ipa t ing  i n  t h i s  p ro jec t  as s u b c o n t r a c t o r  
manufacturing tes t  c e l l s .  

The Burgess Bat tery 

The objec t ive  of t h e  cont rac t  i s  t o  develop new and improved membranes f o r  separa- 
t o r s  i n  sea led  s i l v e r  oxide-zinc and s i l v e r  oxide-cadmium c e l l s  for  spacecraf t  
app l i ca t ion  (1) 
membrane has proved t o  be regenerated ce l lu lose  or cellophane. 
membranes conduct t h e  ca r r en t  wel l  and perform as b a r r i e r s  t o  soluble a d  col- 
l o i d a l  s i l v e r  and t o  zinc, they a re  prone t o  oxidat ion by s i l v e r  oxide, and 
degradat ion by t h e  electrolybe,  leading t o  eventual f a i l u r e  of t h e  membrane 
and shor t -c i rcu i t ing ,  

Conventionally, the  most genera l ly  used and most su i t ab le  
Although such 

The l i t e r a t u r e  shows t h a t  other membrane types have been proposed and employed 
experimentally,, These have of ten  shown some resemblance t o  cellophane i n  such 
physicai  p roper t ies  as swelling by t h e  e l ec t ro ly t e ,  conduct ivi ty  and ba r r i e r  
proper t ies .  
sys temat ica l ly  than has been done heretofore  and t o  e s t a b l i s h  chemical and 
phys ica l  parameters, on the  bas i s  of which new more e f f e c t i v e  membranes might be 
fabr ica ted .  
polymer famil ies ,  ce l lu lose  and polyvinyl alcohol ,  

\+?e are attempting t o  inves t iga t e  membrane types more broadly and 

The present  r epor t  deals ch ie f ly  with chemical v a r i a n t s  of two 

Films of d iverse  po lymr  types were prepared and screened as candidates for  
separators ,  using bench t e s t s  developed f o r  t h i s  purpose. 
t e s t s  films of hydroxyethyl polyvinyl a lcohol  (HEPVA) and polyvinyl a lcohol  were 
submitted t o  Burgess Battery, our subcon t rac to r ,  for tests i n  c e l l s ,  

On t h e  bas i s  of t h e  

O f  t h e  polymers screened t o  da te  only water-soluble or near water-soluble types 
have shown the  order of conductivity of cellophane. 

Resistance t o  oxidation under simulated c e l l  condi t ions (silver oxide i n  30% KOR) 
was measured by v i s u a l  observation and by flex t e s t s .  These showed marked 



a 

de te r io ra t ion  of cellophane and exce l len t  r e t e n t i o n  of f l e x i b i l i t y  by hydroxy- 
e t h y l  polyvinyl a lcohol  and polyvinyl alcohol. Methyl ce l lu lose  a l s o  r e s i s t e d  
oxidat ion be t t e r  t han  cellophane and may show s u f f i c i e n t  promise t o  w a r r a n t  trial 
i n  ce l l s .  

Tes ts  are proceeding on t h e  candidate polymers, 

Study of propr ie ta ry  copolymers containing carboxyl groups .has been i n i t i a t e d ,  

A d T f l b e  

111. F’UTURE; PROGRAN 

1) 1L’eeded refinements i n  screening t e s t s  are being made. 

2 )  Screening of t he  polymers mentioned i n  this repcrt xi11 be coiiipieted and 
cx%ei-ided t o  include ava i lab le  water-soluble polymers. 

3 )  Techniques of f i l m  making w i l l  he investigzted ziixiiig iowara b e t t e r  
con t ro l  i n  obtaining pe r fec t  specimens. 

4) Films from polyvinyl alcohol a c e t a l s  of higher hydrowl content  than  those re- 
ported t o  da t e  will be prepared and t k t e d  i n  an e f f o r t  t o  . increase conduct ivi ty ,  

5 )  F i l n s  from copolymers of a lka l i - r e s i s t an t  monomers with a c r y l i c  or meth- 
a c r y l i c  ac ids  will be prepared and screened, an t i c ipa t ing  t h a t  carboxyl will con- 
t r i b u t e  conduct ivi ty  but  with grea te r  r e s i s t ance  t o  oxidationcthan h y d r o q l ,  

- 2- 



IV. WORK PLAN 

0 

As agreed i n  conference with Hr. T. Hennigan and h i s  staff and with D r .  Strauss,  
t h e  separators  f o r  s i l v e r  oxide-zinc b a t t e r i e s  : 

1) should withstand s t rong a l k a l i  (30% KOH) 

2) should be an e f f e c t i v e  ba r r i e r  t o  the  zinc ions 

3 )  should be r e s i s t a n t  t o  oxidation 

4 )  should have low e l e c t r i c a l  r e s i s t ance  

5) should be ava i lab le  dry 

6 )  should be f l e ~ b l e  

7 )  should be sealable ,  preferably by heat. 

With these  requirements i n  mind it  is  planned t o  screen a b r g e  c l ~ b e r  cf pcljGcr 
yyrGa a L G u r & i n g  -- - --- t o  i n e i r  l o g i c a l  chemical and physical  re la t ionships ,  s e l ec t ing  
t h e  most l i k e l y  candidates. 
Burgess Bat tery Company f o r  t h e  construction of t es t  c e l l s  fo r  more d e f i n i t i v e  
evaluat ion (1). 

These w i l l - b e  prepared in-  film form and Sent--tO . -  . 

The screening conducted i n  t h i s  laboratory has been "bench scale" and the  pro- 
cedures have been set  up a f t e r  consultation with Dr. Howard Strauss. 
desc r ip t ion  of these  methods i s  given below. 
been deferred for  l a t e r  r epor t s  i n  t he  an t i c ipa t ion  t h a t  experience w i l l  l ead  t o  
modifications and impr ovement s . 

A br ie f  
Detailed descr ip t ion  of t e s t s  has 

1. Inso lub i l i t y  i n  30% and 40% KOH - This i s  not a predictable  property of 
films. 1,s w i l l  be shown i n  Table I1 some water-soluble films are dissolved i n  

2. E lec t ro ly te  Absorption - The r a t e  and amount of e l e c t r o l y t e  absorbed 
with t i m e  i s  measured by b l o t t i n g  and rap id  weighing. 

3. F l e x i b i l i t y  - This t es t  has been spec i f ied  simply a s  t h e  a b i l i t y  t o  make 
a sharp 180" bend. We have supplemented t h i s  m i g i n a l  spec i f i ca t ion  by use of the 
Shopper Tester 
KOH so lu t ions  and t o  the  combination of s i l v e r  oxide dissolved i n  KOH. 

t o  quan t i t a t ive ly  measure changes i n  f l e x i b i l i t y  after exposure t o  

' 0  
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4. Tensile Strength - Measurement of t e n s i l e  s t rength on Tinius  Olsen Tester 
i s  measured a f t e r  exposure t o  a l k a l i  e l e c t r o l y t e  and s i l v e r  oxide. 

5. Conductivity - A c e l l  was constructed according t o  t h e  p r inc ip l e  of Shair, 
Bruins and Gregor (11) t o  compare the  r e s i s t ance  of membranes. 
ineasuring r e s i s t ance  of t h e  c e l l  p lus  membrane s o  t h a t  only gross di f fe rences  a re  
found. 

A t  th i s t ime we are 

Burgess Battery will make independent t e s t s  on films supplied by US. 

6. Oxidation Resistance - We have chosen t o  study r e s i s t ance  t o  oxidat ion i n  
30% KOH so lu t ion  i n  which s i l v e r  oxide i s  dissolved and contlnuously dispersed. 
Since these  conditions c lose ly  approximate those i n  the c e l l ,  it i s  hoped ' tha t  
they  may c o r r e l a t e  more d i r e c t l y  than t e s t s  using other oxidat ion systems, such 
as permanganate or atmospheric oxygen (18). 

7. Zinc Ion Mobili ty Test - The r e s i s t ance  c e l l s  a r e  of t h e  general  design 
i l l u s t r a t e d  i n  Fig. 3 according t o  Dr. Straussr recommendations. Two such c e l l s  
constructed a t  Borden are  i n  use and addi t iona l  c e l l s  w i l l  be constructe'd a t  ' 

Burgess. !! conduct ivi ty  bridge, manufactured by I n d u s t r i a l  Instruments, Inc., 
Cedar Grove, New Jersey, t h e i r  Model RC 1 6 ~ 2  has been purchased f o r  use i n  the  
r e s i s t ance  c i r c u i t  at Burgess. 

CONSTRUCTION OF TEST C m S  - 
c e l l  designed by Burgess Znd designated SS-5.5, follows. 
sary f o r  t h e  construct ion of this c e l l  *e 
i s  now being obtained t o  e s t ab l i sh  a l c v e l  of perfornance. 
Current ly  available- f o r  t he  evaluat ion of pronis ing separator  materials. 
wi th  the HIPVA and PVlilc films have been s t a r t ed .  

I! descr ip t ion  of t.he CCTXL~ E ~ ~ ~ ~ ~ & h u - i i r '  A g 9 - h  
A l l  conponenfs neces- 

Cycle l i f e  data 
The flg20-Zn c e l l  i s  

hand a t  Burgess. 

Cycles 

General Design Parameters of the Ag$-Zn c e l l  SS-5.5 are as follows: 

No. of Ag20 Plates 
No. of Zn P la t e s  
W t  . Ag20/F'late 
W t .  Zn/Plate 
AgS Plate  Size 
Zn Plate  Size 
Theore t ica l  Cathode Ag$ Capacity 
Theoret ical  Anode Capacity 
Sepazat or 

Diaphragm 

6 
7 
6.9 (1.60 A.H.) 
3.2 (2.64 1i.H.) 
1.75 x 2.125 x 0.028 in.  
1.75 x 2.125 x 0.030 in.  

18.45 A.H. 
Single l aye r  per p l a t e  s ide,  
0.0027 in.  Webril 
Five l aye r s  per p l a t e  s ide ,  
0.001 in .  glycer ine free c e l l u l o s e  

9.65 XSH. 
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Indiv idua l  Components of kg20-Zn Cel l  SS-5.5 a r e  as follows: 

6. Pos i t ive  Plate - The pos i t ive  p l a t e  i s  fabr ica ted  and assembled i n  the  c e l l  
i n  t he  discharged condition, i.e. as meta l l ic  dg. . The p l a t e  contains  a support 
g r id  of Ag wire. 
P l a t e  formulation and f ab r i ca t ion  techniques a r e  considered propr ie ta ry  information, 
The physical  s i z e  of t h e  pos i t ive  p l a t e  i s  i l l u s t r a t e d  i n  Fig. 1. 

Each p l a t e  contains 6.9 gm. Ag20 o r  1.60 ampere hours capacity,  

B. Negative P l a t e  - The negative p l a t e  i s  f ab r i ca t ed  and assembled in t h e  
c e l l  i n  t he  discharged condition, i.e. as ZnO. The p l a t e  contains  a support  g r i d  
of Ag wire. 
formulation and f ab r i ca t ion  techniques are considered propr ie ta ry  in fo rmt ion .  
The physical s ize  of t he  negative p l a t e  i s  i l l u s t r a t e d  i n  Fig, 1. 

Each p l a t e  contains  3.2 gm. Zn of 2.64 ampere hours capacity.  P l a t e  

C. Terminal Piece - The terminal pieces  a r e  fabr ica ted  from cold r o l l e d  
caqper and s i l v e r  plated,  
through t h e  terminal  p ieces  and soldered i n  place, 
a seal between the  c e l l  case top  and t h e  terininal piece. 

The lead wires from the  c e l l  e lec t rodes  are threaded 
A n  ffOff r i n g  i s  used t o  form 

9. Cel l  Case - 
are made of nylon. 

SEP!RATXGI!! SYSTZ.? 

1. Diaphragm 

Thc cell czse, cons is t ing  of vent plug, case t o p  and case body, 
The physical  s i z e  of t h e  c e l l  case i s  i l l u s t r a t e d  i n  Fig. 2. 

DuPont 193 PUDO, 0.001 inch th i ck  regenerated ce l lu lose ,  three ( 3 )  
shee ts  18 5/16ff x 5 l/kff per c e l l .  

2. Separator 

Webril, grade 1401, dyne1 f ibe r  0.003 inches thick,  37 y d s g .  yd7 
Seven (7) sheets  4 3/8ff x 1 3/4" and s ix  (6) sheets  5 
per c e l l .  

4 X 3 4" 

CONSTRUCTION of Agp0-m CELL SS-5.5 i s  as follows: 

A. Pos i t ive  and negative p l a t e s  have a s i n g l e  layer  of grade l401Webril 
on each s ide ,  

B. 
phane, f i v e  layers on each side. 

C. A negative p l a t e  i s  placed on each s ide  of a l l  p o s i t i v e  p la tes .  
six (6)  pos i t i ve  p l a t e s  and seven (7) negative p l a t e s  the  f in i shed  assembly 
contains  t h i r t e e n  (13) p la tes .  

Pos i t ive  p l a t e s  are Wff wrapped i n  Dupont 193 PUDO 0,001 inch ce l lo-  

Using 

3. Terminal pieces  are soldered t o  t he  terminal leads  and t h e  c e l l  p l a t e  

-5- 



E. 30% KOH i s  added as t h e  e lec t ro ly te .  

All c e l l  components are on hand. A s u f f i c i e n t  nmber of c e l l s  has been assembled 
t o  t e s t  the  design mechanically and electrochemically. Cycle l i f e  da ta  is now $e-- 
i n g  obtained t o  e s t ab l i sh  a l e v e l  of performance. 

Testing Schedule i s  as follows: 

11, Construction: 

1, 
2, F i l l  with e lec t ro ly te .  
3, Allow t o  stand for 24 hours.  

Assemble c e l l s  i n  the  discharged s t a t e .  

B. General Cycle: 

1. 

2. 
3 .  
4. 

Charge a t  C/X, amperes fo r  24 hours ( t o t a l  input  1.20 C anperc hours), 
(where C is t h e  theo re t i ca l  Ag20 c e l l  capaci ty  i n  ampere hours.) 
Allow t o  stand i n  the  charged s t a t e  f o r  a f ixed  predetermined t i m e .  
D i s c h w p  a t  a constant drain r a t e  t o  a terminal voltage n f  L C I ,  
LLlcx t o  siand i n  t h e  discharged s t a t e  f o r  3-8 hours pr ior  t o  
recharging . 

C,  Four Conditioning Cycles: 

1. 

2. 

3 .  
4. 
5. 

A l l o w  c e l l s  t o  stand i n  the charged s t a t e  f o r  16 hours, Over week- 
ends and holidays c e l l s  will stand i n  t h e i r  charged state, 
Cycle number one and two, discharge a t  a r a t e  of C / 5  amperes (about 
5 hours) , 
Cycle number three,  discharge a t  a r a t e  of C/1 amperes (about 1 hour). 
Cycle number four, discharge a t  a r a t e  of C/0.2 amperes (about 12 minutes), 
Following each discharge, c e l l s  will be recharged a s  described i n  B1. 

D. L i f e  Test Cycles: 

1, Initiate following t h e  four  conditioning cycles. 
2. A l l o w  c e l l s  t o  s tand i n  t h e  charged state for 16 hours. 

and holidays c e l l s  stand i n  t h e i r  charged state, 
3, All l i f e  t e s t  cycles  are performed a t  a discharge r z t c  of C/5 

amperes. (about 5 hours). 
4. Following each discharge, c e l l s  will be recharged as described i n  B1, 
50 The c r i t e r i o n  of f a i l u r e  f o r  ind iv idua l  c e l l s  i s  t h e i r  i n a b i l i t y  t o  

de l iver  a capaci ty  of more than 0.6 C, 

Over weekends 
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E. Chmge Retention Test Cycles: 

1. 
2. 
3 ,  
4. 
5, 
6. Repeat A through E. 
'7. 

Ini t ia te  following the  four conditioning cycles. 
A l l o w  t o  stand i n  the  charged s t a t e  for 30 days. 
Discharge a t  C/5 amperes (about 5 hours).  
Allow t o  stand for 3 hours. 
Resharge as described i n  B1. 

The c r i t e r i o n  of c e l l  f a i l u r e  i s  described i n  D5. 
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V. 

The f irst  promising f i l m  material which emerged from the  preliminary screening 
tes ts  was a Borden developed hydroxyethyl polyvinyl a lcohol  (IiEPVA) which offered 
t h e  advantages of f l e x i b i l i t y  and heat  s e a l a b i l i t y ,  
t h i s  polymer were ava i lab le  from previous experimental work. 
i n  a number of f o r m  determined by (a )  
alcohol,  
ace t a t e ) ,  
ava i l ab le  propr ie ta ry  films of t h i s  c l a s s  (both commercial and experimental) 
were screened as t o  behavior in 30% KOH and as t o  r e s i s t a n c e  t o  oxidation by 
s i l v e r  oxide i n  t h e  presence of 30% KOH. 

,HYDLWXYETHYL POLYVINYL ALCOHOL (HEPVA) AND WATER-SOLUBLE POLYMERS: 0 
A l a rge  number of va r i an t s  of 

HEPVA nay be produced 
the  molecular weight of t h e  polyvinyl 

A l a rge  number of 
(b) t h e  nmber of r e s idua l  ace t a t e  groups ( f ron  t h e  parent polyvinyl 
( c )  the  anount and type of ethoxylation. 

Gf 75 f i l m s  irmersed i n  t h e  KGH a l l  naintained t h e i r  i n t e g r i t y  after 60 days. 
The f i rs t  t w o  f i lm removed were washed i n  water a3?d found t o  be insoluble.  
Since HEPVA i s  normally water-soluble it w a s  f i r s t  thought t h a t  t he  KGH had i n  
some way promoted a cross-linking r eac t ion  and t h a t  the  i n s o l u b i l i t y  was a con- 
sequence of t h i s  cross-linking. AS t h e  other f i b s  were renoved fron t h e  ICOi-I, 
however, it wzs found t h a t  of the 75 f i lms subjected t.0 t h e  t r n n + r v n +  n n l : T  f i v c  
had becoze %rater-insoluble; the  other 70 r e a d i l y  dissolved i n  water as all did  i n  
t h e i r  oy ig ina l  iAqt,reatecj f ~ ~ n .  
t i o n  v i i h  r e s idua l  saponifiable,  as shown i n  Table I. 

:cL atte,,tljt was made t o  co r re l a t e  t he  inso iubi l iza-  

0 

V A ~ T T ,  T 
L ~ ~ u u ~ ~  I. - E E V A  and. Polyvinyl Alcohol. Saponification Study 

Water Soly. Free k i d  Saponif icat ion 
Sample Type and His to ry  a f t e r  KOH Value 

Soak .i.s/& n c d g  Sap.No. 21 

79 HEPVA Film Conmercial roll, 
unknown h i s to ry  

9 HEPVA Film, unknown 

36 HEPVh Film from 60-98 
Lemol-derived HEPVA ( A )  

I .  

264-25 Fresh film f ro2  30-98 Lcmol- 
derived HEPVA ( A )  

51  Film from 60-98-Lenol- 
derived HEPVL ( A )  

Len01 50-98 PVLlc (Control)  

Lernol 42-88 PiiAlc (Control)  

insof.  

insol .  

insol .  

i n s  01. 

insol .  

so l .  
-. 

- 
- 

,024.; 004.0 1.50; 1.54; 
.04l. .039 1-62; 1.63 . 

1.60 90 
0 60 1.89 105 

0 02 1.66 93 

.02 0.16 9 

. 09 0.39 22 

0 00 0.28 16 

05 2.23 125 

Note ( A )  LmOL = Borden polyvinyl alcohol. The first f igu re  r e f e r s  t o  v i scos i ty ;  
t he  second i s  degree of hydrolysis of t h e  polyvinyl acetate .  
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Other research i n  The Borden Company has ind ica ted  t h a t  HEPVL fi lms a r e  capable 
of i n so lub i l i za t ion  as a r e s u l t  o f  peroxide pickup on storage. Since KOH might 
be expected t o  pronote t h e  act ion of peroxides, it i s  qu i t e  l i k e l y  t h a t  such ac t ion  
was responsible  f o r  t h e  in so lub i l i za t ion  of t h e  f i v e  f i l m s  i n  question. 

The question remained as t o  why the other seventy samples of H Z P V t  naintained 
t h e i r  i n t e g r i t y  i n  concentrated KOH so lu t ion  without los ingthe i r  a b i l i t y  t o  dis- 
solve subsequently i n  water. 
If H 2 V L  i s  dissolvcd i n  water, clddition of s t rong KOH or s o l i d  ICOH resu l t s  i n  
p r e c i p i t a t i o n  of t h e  polymer. The p rec ip i t a t ed  polyner i s  i n  t u r n  soluble  i n  
water. 
this observation i s  t h a t  it opens up t h e  inves t iga t ion  fo r  ba t te ry  s e p a a t o r s  
f i l m  forming, water-soluble polyncrs which may not  have been considered previous- 
l y  as p o s s i b i l i t i e s .  
and t h e  films immersed i n  30% and 40% KOH fo r  observation, with t h e  results shown 
below: 

This was  shown t o  be a simple n a t t e r  of s a l t i n g  out. 

T h i s  i s  not  unique t o  HEPVL, a s  i s  shown i n  Table 11. The importance of 

1. number of water-soluble polymcrs havc been c a s t  i n t o  f i lms ’ 

Methyl Cellulose 
Hydroxyethyl Cellulose 
Car boyynet hyl  Cellulose 
Sodiu- a lg ina t e  
P 0 X y V i  ny l  ? y-r o l i d  one 
Hethocel H.G. -2- 
Polyethylene 0-ude +H 
Polyvingl Alcohol 
HDVh 

so l .  
sol. 
sol .  
sol. 
SOL. 
so l .  
sol .  

sol .  (hot)  
sol ,  

i n s o l  . 
sol. 
sol. 
so l .  ‘ 

inso l .  
inso l .  
insol. 
insol .  
inso l .  

KOH 
40% - 

i n s  ol?St 
sol. 
sol. 

i n so lebu t  we& 

znsol, 
i n s  ol 
inso l .  
i n s  ol . 
insol .  

3IlOw %W%&hxyl, 7-1s hydroxy propyl 

q u e n t l j  t e s t e d  after drying (Table 111). 
+:-.‘$Film removed after ,!& hours appeared qui te  strong, more so than tnat subse- 

-”1,2-?’ 
,\ ,> I ,  Union Carbide Polyox WSRN 80. 
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Referr ing t o  Tables I11 and IV, it can be seen t h a t  KZFVA exh ib i t s  conduct ivi ty  
conparable t o  cellophane and superior f l e x i b i l i t y .  Although it reac ted  r e a d i l y  
wi th  s i l v e r  oxide (at  about t h e  ra te  of cellophane) t h e  physical de t e r io ra t ion  by 
s i l v e r  o;dde-KOH or by KOH alone w a s  markedly less than t h a t  of cellophane. 
sample was s e n t  t o  Burgess for use i n  t e s t  ce l l s .  

A 

V I .  
which i s  inso luble  i n  concentrated XOH, 

POLYVINrYi ALCOHOL (PVAlc) - i t s e l f  i s  an example of a water-soluble polymer 
I t s  i n s o l u b i l i t y  i n  KOH has been pre- 

v ious ly  exploi ted i n  c e l l s ,  
or i n  compound membranes (U), as well as i n  pas tes  f o r  t he  s i l v e r  oxide of t h a t  
e lec t rode  (13). In our tests conductivity and f l e x i b i l i t y  were good. PVXLc 
readily reac ted  with si lver oxide (about t h e  r a t e  of cellophane) but unl ike 
cellophane, no extensive degada t ion  occurred, 
some s t r e t ch ing  occurred i n  30% KOH. 
KOH requires confirmation inasmuch as the  t e s t  sample w a s  i no rd ina te ly  th ick  and 
may have heen tested hefnre i t  reache2 c q & 2 j b r i - ~ i  h5th the  electroljrt,e. 

It has been used i n  film form f o r  separa tors  (X) 

A s  s t a t e d  i n  note  K of Table V, 
The r e l a t i v e l y  low conduct ivi ty  i n  40% 

A sample of f i l m  was sen t  t o  2urgess f o r  use i n  t e s t  c e l l s .  

V I I ,  METHYL CELLULOSE 

O u r  tests on t h i s  material showed t h a t  it was  oxidized by s i l v e r  oxide t o  a les- 
ser degree than  was cellophane and t h a t  it survived this oxidat ion much better i n  
respect t o  maintaining t h e  o r ig ina l  phys ica l  condition. The i n i t i a l  f l e x i b i l i t y  
and s t r eng th  of t h e  film w a s  i n f e r i o r  t o  cellophane, 
prepara t ion  of films could lead  t o  improved physical  p roper t ies .  
was somewhat i n f e r i o r  t o  cellophane, apparent ly  much i n f e r i o r  i n  LO%, but fur ther  
refinement of t e s t  methods may alter t h i s  p ic ture .  
ance superior  t o  cellophane methyl ce l lu lose  may be considered a potential 
candidate. Improved f i b s  are required.  

Inproved technique i n  t h e  
Conductivity 

Because of oxidat ion resist- 
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V I I ,  DISCUSSION 

Two nain t r ends  have been indicated: (1) 
a r a t h e r  high degree of hydrophi l ic i ty  and (2)  polymers wi th  a m u l t i p l i c i t y  of 
hydroxyl groups appear t o  be prone t o  a t t a c k  by s i l v e r  oxide. 
necessary f o r  conductance i s  imparted by. hydroml  groups, and oxidative a t t a c k  i s  
a t  t he  hydro-xyl, some degradation would be inevi tab le .  

The separator mater ia l  needs t o  have 

I f  t he  hydrophi l ic i ty  

Two fami l i e s  of polymers were subjected t o  prolonged room temperature oxidation 
by s i l v e r  oxide i n  30% KOH. The degree of s i l v e r  deposit ion was judged by v i s u a l  
observation (as s i l v e r  i s  deposited and t h e  color progresses from no co lor  (0) t o  
l i g h t  b r o m  (l), t o  dark brown (2), t o  black (3), t o  a mirror ( 4 ) ,  t o  a s i l v e r y  
depos i t  (5), which may be e a s i l y  scraped off t he  sur face) .  
two fami l res  of polymers showed t h e  following r a t i n g  a f t e r  96 hours i n  a s t i r r e d  
suspensior; of Ag2G i n  30% ICOH: 

. 

On t h i s  bas i s  t he  

Cellophane 4. 
I"k-t hy1 ce l lu lose  3 
E Lily1 c e i i u i o  5 e 0 

Polyvinyl U c  ohol 
Formal of PVAlc 

5 
1 

B u t y r a l  of PViiiC 0 
Hydroxyethyl PVAlc 4 

It i s  seen t h a t  blocking the  hydroxyls i n  t h e  parent polymers decreased t h e  
oxidation i n  both cases except where t h e  blocking group i tself  furnished h y d r o q l s  
(hydroqyethyl ?olyvinyl alcohol) 

I n  a preliminary study of t h e  mechanism of oxidation of polyvinyl alcohol a 5% 
aqueous so lu t ion  was r igorous ly  oxidized with 2/3  mole of s i l v e r  oxide per hy- 
droxyl group, 
ketonic carbo-y l  (by hydroxyl amine and I.R.) w a s  shown as wel l  as carboxyl, . 

presumably the  oxidative sc i s s ion  of the enol ic  form of t h e  group 

Complete reduction of t h e  s i l v e r  oxide occurred. Development of 

Despite t hese  changes a f i l m  cas t  from the  oxidized polyvinyl a lcohol  showed good 
strength.  
i s  tempting but it should be noted t h a t  t h e  degree of s i l v e r  depos i t  co r re l a t ed  
a l s o  with hydrophi l ic i ty  s o  t h a t  s o l u b i l i t y  of t h e  s i l v e r  oxide i n  t h e  f i l m  may be 
t h e  con t ro l l i ng  f a c t  or a 

The hypothesis t h a t  t h e  hydroxyl i s  t h e  poin t  of oxidation a t t a c k  

A s  a measurement of physical  changes induced i n  t h e  fi lms by t h e  ac t ion  of (1) 
KOH, and (2)  KOH + Ag20, 
t h c  e f f e c t  of t hese  reagents OR t h e  f l e x i b i l i t y ,  
i b i l i t j  w a s  l o s t  even a f t e r  24 hours exposure t o  KOH only. 
i n  ICOH-hg20 

films were t r e a t e d  as recorded i n  Table I and t e s t e d  f o r  
I n  t h e  case of cellophane f lex-  

After 2L+ hours s t i r r i n g  
(The observed holes are believed the  f i l m  became extremely b r i t t l e ,  

t o  have developed on handling the e n b r i t t l e d  film, i.e,,  they were probably fiot 
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a c t u a l l y  produced d i r e c t l y  by the  oxidation.) Polyvinyl alcohol and HEPVA f i lms  
d i d  not l o se  measurable f l e x i b i l i t y  under these  conditions even though both were 
heavily coated with s i l v e r  i n  t h a t  t e s t .  
oxidation b e t t e r  than cellophane but t h e  i n t r i n s i c  f l e x i b i l i t y  of methyl ce l lu-  
l o s e  f i lms  was not high. 
f l e x i b i l i t y ,  

Methyl ce l lu lose  appeared t o  r e s i s t  

Butvar and Formvar films Rost r e l a t i v e l y  l i t t l e  i n  

I n  these  t e s t s  t h e  f i lms  a f t e r  r eac t ion  i n  KOH and Ag20-KOH were s tored  i n  t h e  
r e l a t i v e l y  dry atmosphere of t h e  main laboratory.  The tests of Table I w e r e  
c a r r i e d  out after storage a t  50 RH f o r  seven days, which has previously been 
found t h e  time necessary f o r  r i g h t  e q u i l i b r a t i o n  of HWVA films. 
b ra t ion  severa l  of t h e  films were q u i t e  b r i t t l e ,  become increas ingly  f l e x i b l e  
when s to red  i n  t h e  physical t e s t i n g  l a b  where t h e  RE i s  50. 
how these  t e s t s  c o r r e l a t e  with f l e x i b i l i t y  i n  t h e  electrol-&e a t  30% KOH. 
d i r e c t  t e s t  would be extremely d i f f i c u l t ,  but it i s  planned t o  t e s t  some f i lms  
i m i d i a t e l y  a f t e r  removing from t he  c l ec t ro ly t e .  

Before equ i l i -  

There i s  some question 
Such a 

A new conductivity c e l l  was constructed w i t h  a smaller opening between the  two 

new c e l l ,  l i k e  the  f i r s t  one, showed no d i f fe rences  between cellophane, HEPVA and 
PVLLc on t h e  one hand and no membrane on t h e  other. 
parisons r e s u i t e d  as shown i n  'fables II and 111. Gf t h e  new polymers t e s t e d  onbj 
methyl ce l lu lose  showed conductivity of t he  order given by cellophane. 
noted t h a t  f o r  t h i s  f i l m ,  conductivity w a s  much lower i n  40% than  i n  30% KOA. 
This was t r u e  f o r  polyvinyl alcohol as well ,  
with some re se rva t ion  s ince  tes t  s tud ie s  on e q u i l i b r a t i n g  t h e  membranes have not  
been completed, and may lead  t o  rev ised  values. As examples, t h e  conductivity of 
cellophane i n  30% KOH read ..52 a t  zero minutes as we l l  as a t  f i f t e e n  minutes. 
I n  40% KOH conductivity of t he  polyvinyl alcohol fiLn reached 0.10 a t  30 minutes 
and was probably not a t  equilibrium then. 

iiaives ( ,20 i  inciies diameter) i n  order t o  maximize ciiYferences aniong films. m. i n e  

Nevertheless, valuable com- 

It will be 

The values given must be accepted 

Further refinement of t e s t  procedures i s  needed. 
candidates are of t h e  water-soluble or near-water-soluble types, 

So f a r  it appears t h a t  t h e  only 

Analytical  Studies : 

(1) Commercial a c e t a l s  of polyvinyl a lcohol  do not include low a c e t a l  
polymers (high r e s i d u a l  hydroyirl). 
t e r i z e d  and tes ted .  

Several were prepared and will be charac- 

(2) Co-polymers of methacrylic e s t e r s  w i t h  monomers imparting f l e x i b i l i t y  could 
conceivably be h y d r o l y z d  t o  givr: e x b o w l  fur,ctions 2nd r eqLi s i t e  conductivity. 
The hydrolysis by saponi f ica t ion  of Dowvs Zetafin, believed t o  be a copolymer of 
ethylene and ac ry la t e  e s t e r ,  was unsuccessful, 
as a model, polyethyl methacrylate, t h c  saponi f ice t ion  w a s  studied. This p o l p e r  
was not a t tacked  a t  a l l  by 24 hour heating i n  conventional a n a l y t i c a l  techniques. 

Turning t o  2 1gyxm homopolyner 
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Subs tan t i a l  a t t a c k  was achieved only by t h e  following rigorous conditions: 
Sodiu i  was dissolved i n  g lycol  and t h e  polymer heated with an excess i n  pur i f ied  
b u t y l  c a r b i t o l  ( so lvent )  a t  208" C. for two hours, 
g r a m .  
of t h e  methacrylate, c o p o l p e r s  wi%h vinj.1 a c e t a t e  n ight  be hydrolyzable t o  
hydroyyl-containing c o p o l p e r s  i n  which t h e  a c r y l a t e  moiety remains i n t a c t .  

Saponifiable found - 5.97 m e q o /  
Calculated - 8.76 meq,/gram, I n  view of t h e  r e s i s t ance  t o  saponi f ica t ion  

TABLE 111. - Effec t  of ICOH and Agp on Membranes - Shopper Fold Tests 

Code Thickness Cycles Type 
389 - ? olymer ails Break Coments 

12  Cellophane PCTm )1,1 1954 ragged Commercial f i l m  
11 7mlol 1744 

>1.1 1818 Clear and uniform 

Cellophane P ' JD  #2(1.1 2181 11 

)l01 2129 11 

1 z< Cellophane PGiE 1.2 425 ii 

11 

11 

11 

24 hr. 1.1 526 
1.1 459 
1.1 5 6y 

12  I!- Cellophane PUCO 2.0 20 Shat te r  Heavy s i l v e r  coating - 
24 h r o  Sample- had too  many 

holes  f o r  fu r the r  t e s t s  

35 P V!JC 
35X-96 hr. 11 

35A-96 hr.  I t  4.5 5000 - Heavy s i l v e r  coating 

9K-64 h r  . HEP VA 0 0  7 Could not t e s t  ( s t r e t c h e s )  
0.7 3066 - Broke i n  g r i p  11 

11 

9 

0 0  7 5000 - 
0.8 5000 - Heavy s i l v e r  coating 9A-64 hr . 11 

29 Ne Cellulose 1.6 550 ragged 
1.6 185 sharp 

29K-96 hr, ?' 11 

29A-96 hr. 11 

106 104 broke i n  g r i p  
2.0 91  ragged 
2.1 112 ragged 
2.1 118 ragged 
2.1 79 hole ( ? )  
203 126 uneven Moderate s i l v e r  coating 
2 .le 13 3 

25 For mvar 7/9 5 S 1-1 1103 ragged 
1.1 1307 ragged 

25K-96 hr. Formvar 7195s 101 722 sharp 
0 0 9  613 ragged 
1 0 7  689 sharp 

(Table continued on following shee t )  
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TABLE 111. - Effec t  of KOH and Ag20 on Nembranes - Shopper Fold Tes ts  (CONTIhmD) 

389- nil Break 
Code Polymer Thickness Cycles Type Comments 

25,; Formvar 1.0 881 ragged Very s l i g h t  s i l v e r  coa t in)  96 hr. 

Butvar B73 1.1 4238 sharp 26 
1.2 7500 

26K-96 hr, Butvar B73 101 3177 ragged 
1.1 272 t e a s  

26A-96 hr. Sutvar E373 1.3 1179 ragged No s i l v e r  coating 
1-4 5000 - 

23 Xlvax 1.0 could not  t e s t  - s t r e t c h e s  

I? 11 11 2X-96 hr. Elvax 1.0 

I? 11 I t  231,-96 hr. Elvax 1.0 
No s i l v e r  coat ing 

. _ _  

Code Explanation: 
K = soaked i n  30% KOH f o r  t h e  hours spec i f i ed  by t h e  following number. 
A = soaked i n  a s t i r r e d  suspension of Ag20 i n  30% KOH f o r  t he  hours 

spec i f ied  i n  the  following number, 

Condition of Exposure: 
Films covered with 30% KOH, blo t ted  dry  without washing. 
73" F. a t  RH 50 f o r  7 days before flex t es t ,  same condition, 
For hg20-KOH t e s t  
segregated from s t i r r i n g  mechanism. 

Conditioned a t  

5 g. hg$/liter 30% KOH, continuously s t i r r e d ,  films 
Dried and conditioned as above. 
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TLBLE IV.  - E l e c t r i c a l  Conductivity i n  KOH, Cellulose and Derivatives 
( c e l l  constant with U\J KC1,  23" C. 
IC = il/l - .0617 cn; ho le  0.20 inches diameter) 

Reference Polymer Groups attached 30% KOH 40% KGH 
Conductivit 

(Ohms-' Cm-') 
t o  backbone 

389-29 

389-44 

389-49-1 

389-49-2 

3 74-22 

3 7L-19 

389-2% 

Cel l  conductivity (no membrane 1 
CH20H 

e t c  . H J  
PUCO Cellophane -O-L'H-- c-\ A''- ky p1 

H OH 

I4ethyl Cellulose COP. -0Me 
(B)  

l e t h o c e l  i-iG 60 -ONe, -OCH2CH2CH2CH 
( c )  

Ethyl Cellulose TlOO -0Et 
( D) 

Ethyl Cellulose GlOO -0Et 
(E) 

Carboxymethyl Cellulose -CH CH2COO- Na+] 
(F ) 

Hydromethyl Cellulose -0CH2CH20H 
QP 5200 ((2) 

COO-Na+ 
n 1 --.- 

.32 X 6  x 10- 6 

s 01 sol 

s 01 s 01 

Notes: (f.) Du Pont (no p l a s t i c i z e r )  
(8) 29-33% n e t h o q  
( C )  
(a )  tIercules 49% + ethoxyl 
(E)  3ercu les  44.5-45.5% ethoxyl 
( F )  Hercules 
(G) Union Carbide QP 5200 
( H )  Matheson, Colemaq and 3 e l l  

Dow, 28-30% methoxyl, 7-12% hydroxypropyl 

3: Less than t h i s  value ( o f f  s c a l e )  
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TABLE V, - E l e c t r i c a l  Conductivity i n  KOH, Polyvinyl Ale-ohol a d  
Derivatives,  - (Hole 0.201 inches diameter, c e l l  
c o m t a n t  with 1N K C 1  K = >,/l = .0617 cm) 

fief erence P olyner , Groups a t tached  
t o  back bone 

30% KOH 40% KOH 
Conduc t i v i  t3- 

Cell  Conductivity (no Eernbrane) 

-CH CH-CH2CH - CJ 
2- I I 

389-3 7 PVAlc 

OH OH 

79 Eiydroxethyl Polyvinyl i‘J_cohol (HWVA) 
-0CH2CH2CH ( 3 )  

389-25 Foly-vinyl f ormsl ( C  ) -0-CH2-0- 

3 89- 26 Polyvinyl butyra l  (D) -0-CH-0- 
I 
P r  

.52 .46 

Hiscellaneous Polymers 

389-23-3 Copolymer of 2thylene and a c r y l a t e  ( E )  16Gk10’6 16’.:*0-6 

389-23-1 Copolymer of eth;-lene and v i n y l  a c e t a t e  (F)  16-:k13-6 16G:dO-6 

389-36 Poly(methylviny1ether- maleic anhydride) ( G )  b r i t s l e  so luble  
films 

389-46 Poi:-rhyl Pyrolidone (H) -CH - CH2 - inso l .  but films 
1 t oo  b r i t t l e  t o  t e s t  ck- N\ c = 0 

I I 
C22- CH2 

- 
Sordenvs LDTOL 30-9E (8 Table V Notes: 
BordenPs LZ4CFLZX. A commercial f i lm hydroxycthyl content 
(assured 26$), Sapon. No. 89: 
Sha~iniganVs Formvar 7/95S. 80% Formal as P.V.F.; 7-9% OH 
as PVXLC; 9-13$ ace ta t e  as PV,;. 
Shawiniganys Eutvar B730 80% h u t p a l  as P.V.8; 21% OH as 
PVAlc; 2.5% a c e t a t e  as PVI,. 
DOW* s Zetafin 
du Pont t s  Elvax 
General iinilinc9s Gantrcz AN 
General 1‘ailine 
Softened and s t  etched a t  t e s t  area 
Below 16 x lo-‘ (off s c a l e )  
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I .  

The problem of zinc dendri tes  ( t r e e s )  i s  a r e s u l t  of  t he  p a r t i a l  s o l u b i l i t y  
of t h e  zinc on discharge of t h e  c e l l .  The zinc may d isso lve  i n  e i t h e r  of 
s e v e r a l  forms, Zn*, ZnOy, Zn(OH)L=, e tc .  
t h e  l a t t e r  ion ic  s t ruc tu re  ispoposed.  The a b i l i t y  of t h e  zincate  t o  produce 
supersaturated so lu t ion  leads  t o  migration through t h e  separator  system ac-’ 
cording t o  Rhyne (13). 

In a s e r i e s  of s tud ie s  by Dirkse (2) 

Upon charging t h e  c e l l ,  t h e  zinc i s  redeposited on t h e  anode, but it p l a t e s  
out a t  t h e  loca t ion  of t h e  highest  current  density.  Thus, t h e r e  i s  a build- 
up of zinc a t  t h e  loca t ion  of highest current density.  There i s  a build-up of 
z inc a t  edges and rough poin ts  on t h e  e lec t rode  surface.  In  a mutiple p l a t e  
ba t t e ry ,  t he re  is  a l s o  a migration of zinc. This was studied by F‘alagyi ( 3 )  
who b u i l t  c e l l s  having 9 electrodes,  including .!+ s i l v e r  oxide cathodes and 5 
z inc  anodes. 
The c e l l s  were assembled in 3 ways, normal dimensions, l a rge  dimensions (more 
e l ec t ro ly t e )  and t i g h t  packing. Radioactive zinc reached a l l  t h e  nonlabelled 
zinc electrodes,  and t h e r e  was a l so  some contamination of t h e  silver pla tes .  

c e l l s  having more e l ec t ro ly t e .  These c e l l s  f a i l e d  &e t o  shedding and sludging 
of t h e  zinc. 
Lreakdown, with d i s so lu t ion  of s i l v e r  oxide from t h e  pos i t i ve  e lec t rode  and 
migration of s i l v e r  towards t h e  negative p l a t e s ,  and t h e  formation of zinc trees 
u l t imate ly  causing a d i r e c t  short a 

The middle zinc electrode contained rad ioac t ive  Zn65 isotope . 

‘Thnno . - A ^  

w~~ ~ ~ r e  contamination and a sho r t e r  cycle  l i f e  in t h e  loose ly  assembled 

The f a i l u r e  of t h e  t i g h t l y  parked cells m s  due Lai7geiy t o  separator  

110 Palagyi repeated t h i s  work using rad ioac t ive  cathodes l abe l l ed  with Ag 
isotope. 
smaller degree than  in t h e  zinc isotope experiments: Radioactive s i l v e r  reached 
a l l  t h e  e lec t rodes  i n  only 1 c e l l  out of 20 examined, and 5 of t h e  20 showed no 
contamination a t  a l l .  Unlike the  zinc isotope experiment, contamination was 
g r e a t e s t  i n  t h e  t i g h t l y  assembled c e l l s ,  where t h e  small volume of  e l e c t r o l y t e  
minimizes s o l u b i l i t y  . 

‘fie non-labelled electrodes were contaminated by t h e  isotope t o  a 

Palagyi a l s o  found t h a t  during s torage,  c e l l s  s tored in t h e  charged s t a t e  
showed g r e a t e r  contamination of  non-labelled electrodes,  and furnished fewer 
cycles  after s torage,  then did c e l l s  s tored i n  t h e  discharged s t a t e .  

Homrd (5) s t a t e s  t h a t  t h e  zinc content of t h e  e l e c t r o l y t e  i s  more than 
3000 times t h e  s i l v e r  content. 
i n t o  so lu t ion  within 24 hours. 

He found t h a t  95% of t h e  dissolved zinc goes 

The s i l v e r  oxide e lec t rode  and the  electrochemistry of s i l v e r  and i t s  oxides 
has been s tudied by severa l  inves t iga tors  i n  g rea t  d e t a i l  i n  recent  years .  
Huetschi (6) ? s e d  a-c polarographic c e l l  t o  study the  s o l u b i l i t y  of  s i l v e r  
oxides in IiOH. 
same soluble  s i l v e r  species  (monovalent) i s  obtained. Xo diva len t  s i l v e r  could 
be detected i n  t h e  solut ion.  
may d isso lve  i s  rap id ly  decomposed t o  t h e  monovalent form.  
was s tud ie s  by oqrgen evolution, and was found t o  be l i g h t  s ens i t i ve .  

When KOH so lu t ion  i s  sa tura ted  with e i t h e r  Ago or Ag20, t h e  

Huetschi be l ieves  t h a t  any d iva len t  oxide which 
This decomposition 
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The exact s t ruc tu re  of t h e  oxides of s i l v e r  i s  a matter  of controversy. 
Neutron d i f f r a c t i o n  s tud ie s  have es tab l i shed  t h a t  t h e  d iva len t  oxide i s  Ago, 
and n o t  a s i l v e r  peroxide, Ag2O2 as it was formerly assumed (7).  

A higher  oxide of s i l v e r ,  .Zg2O3, has been reported t o  be extremely unstable  
(8). 
cont ra ry  t o  e a r l i e r  r epor t s  of iZg4O and "Ig4O3. 
i d e n t i f y  t h e  species.  Methods of preparat ion f o r  t h e  t h r e e  oxides in high pu r i ty  
are given. 
by Dirkse (10). 

Fklagyi (9) states t h a t  only these  t h r e e  oxides (Ag20, Ago, l i ~ O 3 )  exist, 
He used X-ray d i f f r a c t i o n  t o  

An exce l len t  review o f  t h e  s i l v e r  oxide e lec t rode  has been prepared 

Although cellophane i s  cur ren t ly  t h e  most widely used separa tor  f o r  t h e  Ag20-Zn 
system because o f  i t s  low re s i s t ance  t o  e l e c t r o l y t e  and impermeability t o  zinc,  
a g r e a t  nany papcrs and pa ten t s  have suggested improved c e l l u l o s i c  o r  non-cel- 
l u l o s i c  subs t i t u t e s .  11 complete l i t e r a t u r e  survey on t h i s  t o p i c  was compiled i n  
t h e  IUSA pro jec t  r epor t s  on ba t t e ry  separa tors  a t  E l e c t r i c  Stcrage Battery Co. 
A complete s e t  of t hese  r epor t s  was given us by lfr. Hennigan and it i s  f e l t  t h a t  
a r e p e t i t i o n  of t h i s  l i t e r a t u r e  survey would be unnccessary, 
a t u r e  S I I . _ Y ' V ~ T  shnijlrt he cn.sidered 3 part =f t h c  I-,s&gro.~id of this p ro jec t ,  
However, a few of t h e  proposed separator  mater ia l s  are  of i n t e r e s t .  

The E.S.B. L i t e r -  

A S C ~ ~ C S  of Fapei-5 fi-oiii Zii-uukiyri Poiyiech. descr ibes  t h e  preparat ion of ion  
exchange type separator  membranes (11)- 
ava i l ab le  from Gelman Instrument Coo, Chelsea, Michigan under t h e  t r a d e  name 
"Polypor", ?Jon-ionic Polypor i s  a so lu t ion  of 
DMF, used t o  inpregnate a woven Nylon base. 
WA Polypor (weak ac id  ion exchange) and WI3 Polypor (weak base ion exchange) com- 
p r i s e  an ion  exchange r g s i n  p lus  Dynel, again dissolved in DMF. 
are s a i d  t o  be 5OO-lOOOA. 

In a 152 page repor t  c o n t a i n h g  232 referenccs Elryne (13) invest igated t h e  
i'olypor membranes i n  conjunction with c e l l u l o s i c  types and r epor t s  neg l ig ib l e  
s i l v e r  pene t ra t ion  of t h e  e s t e r  layer when Polypor 'vL! was used next t o  t h e  
p o s i t i v e  p l a t e .  Keralla (16) l a t e r  character ized t h i s  as a porous non-reactive 
layer. However, our i n t e rp re t a t ion  of RhynePs work was t h a t  KOH concentration 
was a far  more important f a c t o r  than membrane type i n  r e s t r i c t i n g  s i l v e r  l o s s .  
A t  40% KOH l o s s  of s i l v e r  was only one-third t h a t  a t  30% using cellophane as 
separator .  A t  405 di f fe rences  among membrane systems a p p e a d t o  be n i l  wi th in  
experimental va r i a t ion .  (Possibly,  as a result of t h i s  work, Leralla used 40% 
KOH i n  h i s  invest iga€ions (16). Fibrous sausage casing (Visking) was reported 
by IZhyne t o  be t h e  most e f f ec t ive  b a r r i e r  aga ins t  zinc.  Evidence w a s  claimed 
t h a t  inc lus ion  of polyethylene oxide i n  the  negat ive r e s t r i c t s  t h e  migrat ion 
of t he  zinc and f u r t h e r  i n h i b i t s  pene t ra t ion  of separa tor  by t h e  zinc. 

Several  of t hese  membranes are commercidly 

polyvinyl a lcohol  and Dynel in 
A pore diameter of 2100A i s  claimed, 

Pore  diameter 

The r e l a t i o n s h i p - o f  por3 s i z e  t o  barrier p r o p w t i e s  i s  not a t  a l l  c l e a r  
from t h e  l i t e r a t u r e ,  possibly because t h e  inves t iga to r s  up u n t i l  recent  work 
by E l e c t r i c  Storage Bat tery Co. (18) have not  taken into account t h e  e f f e c t  
of swelling of t h e  membrane i n  the  p a r t i c u l a r  concentrat ion of KOH t o  which 
it w i l l  be subjected,  
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hlthough t h e i r  work w a s  on separztors  f o r  sealed nickel-cadmium b a t t e r i e s  
a paper by S e i g e r  e t  a1 (17) seems per t inent  i n  t h a t  it c a l l s  a t t e n t i o n  t o  
t h e  d e s i r a b i l i t y  of high e l ec t ro ly t e  absorption and r e t en t ion  by t h e  separator .  
Four times t h e  dry  weight was recommended and 30% r e t e n t i o n  of e l e c t r o l y t e  
a f t e r  acce le ra t ion  ( r a t e  not s ta ted) .  Kryukova (U) h i n t s  t h a t  an unspecified 
sur fac tan t  i n  very small amounts i n  a c e l l u l o s i c  membrane completely i n h i b i t s  
t h e  pene t ra t ion  by z i r c  and presents  some a r t i s t i c  drawings t o  prove h i s  point.  
Like Rhyne (13) he p ic tu res  t h e  pene t ra t ion  2s  mechanical (puncturing) r a the r  
t han  e l e c t r i c a l ,  an argument which D r .  S t rauss  disputes .  According t o  S t rauss?  
ana lys i s  pent ra t ion  occurs only a t  a hole  o r  weak spot  which a f fo rds  ;t higher 
dens i ty  and t h i s  promotes growth along t h i s  path. Kryukova used polyvinyl 
a lcohol  f a n  as a control ,  claiming it offered no r e s i s t ance  whatever t o  dendr i te  
growth. 

This i s  a t  vzriznce with Bieber (15) and o the r s  who have reported good cycle 
l i f e  for polyvinyl alcohol-based membranes, Kerzlla (16) reported increased 
cycle  l i f e  by t h e  use of polyvinyl a lcohol  as  2 bindcr for t h e  zinc electrode. 

Bruins (12) claims tha t , these  separa tors  work as w e l l  a s  cellophane which 
iiowevm, microporous PJC (Synpor) separators ,  hzs 2 p o r e  dimicier  01 32, ,i . 

w'ith a pore diamater of 50,000-100,000 a r e  not  e f fec t ive .  
t h a t  h i s  ion  exchange separators  a c t  as a b a r r i e r  t o  t h e  migration of c n l l n i d - d  
silver. 
a c t i n g  2s a c o l l o i d a l  f i l t e r .  
vinyl butyralmcmbrane, having a pore s i z e  of  60 A .  

Bruins concludes 

Eie states t h a t  a good separator  must have a pore s t ruc tu re  capable of 
Bruins also descr ikes  an acid-hydrolyzed poly- 
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